The filamentous inclusions associated with the development of vesicular stomatitis virus were investigated by the combined use of ferritin-conjugated antibody and high-resolution radioautography. The specific attachment of ferritinantibody complexes to the filaments as well as their consistent labelling with [ZH]-uridine indicated that the inclusions were the sites of accumulation of virus specific ribonucleoprotein.
INTRODUCTION
In certain host cells the morphogenesis of vesicular stomatitis virus (VSV) was associated with the formation of filamentous cytoplasmic inclusions (Zajac & Hummeler, I97O) . It was shown that the development of these inclusions paralleled that of virus specific immunofluorescence and production of infectious progeny. Cytoplasmic extracts of these cells contained filaments which had incorporated [3H]-uridine, exhibited virus specific complementfixing activity, and had a similar morphology to ribonucleoprotein isolated from purified virus. Biochemical evidence for the synthesis of the nucleoprotein of VSV in the cytoplasm of infected cells has been provided by Wagner, Snyder & Yamazaki 097o) and Schincariol & Howatson (I97O) . The latter authors also demonstrated that nucleoprotein extracted from the cytoplasm was morphologically identical to the nucleo-protein extracted from mature virus. The above findings suggested that the inclusions were the sites of accumulation of the virus ribonucleoprotein.
In the present studies, the combined use of ferritin-conjugated antibody and high-resolution radioautography permitted in situ investigation of the filamentous inclusions and provided direct evidence that they are virus-specific and also contain ribonucleic acid.
METHODS

Virus.
A plaque-purified stock of the INDIANA strain of VSV derived from infected BHK 21 cells was used for the tissue culture experiments. The infectivity titre was I × IO 9 p.f.u./ml. Another stock of the INDIANA strain of VSV, which had never been grown in BHK 21 cells, was propagated seven times in chick-embryo fibroblasts (CEF) and used as antigen for antiserum production. (Zajac & Hummeler, I97o) . In the radioautographic experiments monolayer cultures were first exposed for 2 hr to 5 ml. of medium containing actinomycin D (5 to Io #g./ml.) (Merck, Sharp & Dohme, West Point, Pa.), drained and then infected with VSV at a m.o.i, of Io. After adsorption the cell layers were washed and medium replaced with 5 ml. of BME, devoid of serum and tryptose phosphate, but containing Ioo/zc/ml. of [5-3H]-uridine (Schwarz BioResearch, Inc.).
Virus
Immune serum. Virus pools for immunization of adult New Zealand rabbits were prepared in chick embryos by allantoic propagation of VSV grown in CEF (Zajac, 2967) . The animals were given four to ml. intraperitoneal injections at weekly intervals. Two weeks after the last injection the animals were bled by cardiac puncture. The serum from only one rabbit was used. It had a neutralizing antibody titre of I:io,ooo in the 50% plaque reduction test (Ioo p.f.u.).
Ferritin conjugation and staining procedure. Serum globulin was precipitated from the above antiserum with sodium sulphate (Strauss et al. I969) and was subsequently conjugated to recrystallized ferritin (Howe, Mayan & Hsu, I969) . In order to tag the intracellular antigens monolayers were rinsed with phosphate-buffered saline (PBS), fixed for 5 rain. with 4 % formalin and frozen in situ with dry ice. After rapid thawing the antibody-ferritin conjugate, diluted 1:4 in PBS, was added and the monolayer stained for I h. After repeated washings with PBS, cells were removed by scraping, pelleted and the pellet fixed in osmic acid, dehydrated and embedded in epoxy resin.
Radioautography. At the time of harvest the medium was decanted and the monolayers washed repeatedly with cold PBS. The cells were fixed for 5 rain. in I ~o osmic acid, scraped into osmium and pelleted at low speed. The cell pellet was dehydrated in ethyl alcohol and embedded in epoxy resin. After sectioning, Ilford Nuclear Emulsion L-4 was applied to unstained sections as described (Caro & Van Tubergen, I962) . After an exposure time of 2 to 6 weeks the grids were developed in Kodak Microdol X.
Electron microscopy. All thin sections were stained with uranyl acetate and lead citrate and examined in a Siemens Elmiskop at a magnification of x IO,5OO.
RESULTS
Ferrintin-conjugated antibody
Previous work (Zajac & Hummeler, 197o) has shown that the filamentous inclusions in the cytoplasm of BHK 21 cells infected with VSV were most readily detected more than 4 hr after infection. Cells were harvested 5 hr after exposure to virus and treated as described in order to permit penetration of ferritin-antibody complexes. The discrete homogenous masses making up the inclusions were loosened by the preparative procedure, and appeared as a tangle of single filaments. The filaments in these inclusions were found to be extensively labelled with ferritin-antibody complexes to the exclusion of all other normal cell constituents (Fig. I) . The ferritin-antibody complex could also be seen attached to virus particles budding at cell membranes or lying free in the extra-cellular environment (Fig. I, insert) . Ferritin granules were evident not only on all sides of budding virus particles but also on filaments underlying the cell membranes. The restricted attachment of the antibody complexes to only virus and the presumed nucleoprotein filaments indicated the specificity of the reaction.
Radio autography
In order to restrict the incorporation of [3H]-uridine into virus-specific R N A s , host-cell R N A synthesis had to be reduced by greater than 99 %-In a series of preliminary experiments it was found that to reduce the number of silver grains to less than I/uninfected cell, it was necessary to treat the monolayers for i to 2 hr with 5 to ~o #g./ml. of actinomycin D. Fig. I . Filaments in cytoplasmic inclusions labelled with ferritin. The ferritin label is confined to the strands. Insert illustrates ferritin-antibody complexes attached to virus particles (V) and to the strands underlying the plasmalemma.
Exposure of the infected monolayers to [aH]-uridine for only I to 2 hr immediately after infection, however, was insufficient to permit detection of a reasonable quantity of silver grains in the inclusions. As a result, label was added to the medium after virus adsorption and left in contact with the cells until the time of harvest. 
Nucleoprotein of VSV a~9
In all these experiments characteristic filamentous inclusions were found in the form of discrete foci as well as large masses. Fig. z(a) shows a discrete focus in which two prominent silver grains can be seen. A larger inclusion reveals a greater number of grains in Fig. 2 (b) . Silver grains were always randomly distributed throughout the inclusions and the label was always confined to them and not apparently associated with other cellular constituents.
DISCUSSION
Our earlier studies (Zajac & Hummeler, ~97o) described the formation of filamentous inclusions in the cytoplasm of BHK 2I cells infected with VSV. Evidence indicated that these inclusions consisted of virus ribonucleoprotein. Recent studies by Wagner et al. 097o) and Schincariol & Howatson 097o) now enable us to suggest that the appearance and development of these inclusions could be correlated with the synthesis of the components which make up the nucleoprotein of VSV. The above investigators have demonstrated that the major synthesis of the nucleoprotein components takes place in the cytoplasm between 21 and 4½ hr after infection. In our studies inclusion formation could not be detected until 3 hr after infection and was most readily seen at 5 hr. We were able to extract from [~H]-uridine labelled BH K 2 t cell, infected with VSV, a nucleoprotein component which morphologically resembled the nucleoprotein released from mature virus particles. Schincariol & Howatson (I97O) also isolated from infected cells two large structures (m5 and 14os) using velocity sucrose gradients, which contained nucleoprotein strands morphologically similar to those extracted from mature particles.
The evidence summarized above suggests very strongly that the cytoplasmic inclusions are indeed virus nucleoprotein. In order to substantiate these findings, ferritin-tagged antibody and high-resolution radioautography were used to identify in s#u the materials in the inclusions as being virus-specific and also representing sites of accumulation of virus ribonucleic acid.
The heavy labelling of the filaments in the inclusions as well as budding or extracellular virus particles with no labelling of normal cell constituents implies that the material in the inclusions is indeed virus-related. A possible mechanism of incorporation of the ribonucleoprotein into virus particles during maturation of the membranes was suggested by the few labelled strands that could be found associated with the budding particle. Although similar to the mechanism described for rabies (Hummeler et al. i968 ), generally few nucleoprotein filaments were found near the budding sites.
For meaningful radioautography it was necessary to reduce the number of silver grains to less than 1/uninfected ceil. Under this condition all radioactivity observed in the presence of actinomycin D in infected cells should be due to the synthesis of VSV-specific RNA. The silver grains in all infected cells examined were localized over the inclusion-like masses, or occasionally over virus particles budding from the plasmalemma and free in the extracellular space, but never over normal cell constituents. Although cells were harvested at a time (5 hr) when the major ribonucleic acid synthesis had been completed, sufficient radioactivity remained concentrated in the inclusions to permit detection.
The consistent labelling of the filamentous masses with [3H]-uridine in conjunction with the ferritin-labelled antibody results indicates that these inclusions are sites of accumulation of virus-specific ribonucleoprotein.
